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the valence band edge in the single-crystal silicon as the zero
energy reference and noting that the energy of holes increases
downwards, we can write
(6)
(7)
The hole concentration can then be related to and
using
(8)
(9)
Combining (5) to (9) gives
(10)
where
(11)
The current density at the edge of the polySiGe emitter is
now given by
(12)
where models recombination at the polysilicon/silicon inter-
face, and is given by an equation analogous to (A8) and
is the overall effective surface recombination velocity for the
polySiGe emitter, which is given by
(13)
It is worth noting that holes tunneling through the oxide be-
come hot as they appear in the polySiGe grain, as they pick up
kinetic energy of . The holes will quickly thermalize to
thevalencebandedgeandcontinuetodiffusetowardtheemitter
contact. We represent this effect by a break in the hole quasi
Fermi level in the SiGe grain, close to the oxide layer.
In modern polysilicon emitters, the emitter/base junction
depth is extremely shallow and hence recombination in the
single-crystal silicon emitter is very small. In this situation, the
following simple equation can be used for the base current [7]
(14)
where is the effective doping in the single-crystal sil-
icon emitter, is the junction depth, is the hole diffu-
sivity in silicon and uniform doping in the emitter has been as-
sumed. This equation will be used together with (13) to inter-
pret the competing transport and recombination mechanisms in
polySiGe emitters. It should be noted that (14) models the ideal
portion of the base characteristic, whereas in practice nonideal
base characteristics are often obtained due to recombination in
the emitter/base depletion region. When comparing measured
and predicted results, it is important that the ideal portion of
Fig. 4. Calculated values of the effective surface recombination velocity
S of the complete polySiGe emitter as a function of interfacial layer
thickness t for different Ge concentrations. The parameter values in Table I
were used in the calculations.
the measured base characteristic is used in the comparison. This
point will be considered in more detail in the discussion.
Fig. 4 illustrates the variation of with interfacial layer
thickness forgermaniumcontentsof0to35%in5%steps.In
calculating the curves in Fig. 4, the parameters in Table I were
used with two grains in the polySiGe layer. Three regions of
the characteristic in Fig. 4 can be identified. For an interfacial
layer thickness larger than about 0.8 nm, saturates at a
value of 15 m/s, which corresponds to the value of the effective
recombination velocity at the interfacial oxide/silicon interface
. This behavior can be understood from (A13) by noting that
and so that .
For thick interfacial layers, the effective surface recombination
velocity and hence the base current is dominated by recombi-
nation at the interfacial oxide/silicon interface. The germanium
in the polySiGe layer therefore has little effect on the base cur-
rent. In this region of the characteristic, recombination in the
single-crystal emitter would also be expected to have a strong
influence on the base current, which is neglected in (14).
Forintermediatevaluesofinterfaciallayerthicknessbetween
about 0.4 and 0.8 nm, Fig. 4 shows that varies strongly
with interfacial oxide thickness. This behavior can be under-
stood from (13) by noting that and
sothat .Inthisregionofthecharacteristic,
the base current is therefore dominated by transport through the
interfacial oxide layer. Tunneling is the transport mechanism
and hence varies strongly with interfacial oxide thick-
ness.ThegermaniuminthepolySiGeemitterthereforehaslittle
effect on in this region of the characteristic.
For values of interfacial layer thickness less than about
0.4 nm, varies with both interfacial oxide thickness
and germanium content in the polySiGe emitter. For 0% Ge
and small interfacial oxide thicknesses, saturates at a
value of 1.2 10 m/s, which is equal to the value of .
This behavior can be understood from (13) by noting that
is equal to unity, and so
that . In this region of the characteristic is
therefore dominated by transport in the polySiGe layer.
For germanium contents of 20% and above, appears
to vary very little with germanium content but strongly with
interfacial layer thickness. This trend is shown more clearly in